22 23 24 25 26 2 SUMMARY 27 Multiple studies have suggested the critical roles of cyclin-dependent kinases (CDKs) as 28 well as a transcription factor (TF) network in generating the robust cell-cycle transcriptional 29 program. However, the precise mechanisms by which these components function together in 30 the gene regulatory network remain unclear. Here we show that the TF network can generate 31 and transmit a "pulse" of transcription independently of CDK oscillations. The premature firing of 32 the transcriptional pulse is prevented by early G1 inhibitors, including transcriptional 33 corepressors and the E3 ubiquitin ligase complex APC Cdh1 . We demonstrate that G1 cyclin-34 CDKs facilitate the activation and accumulation of TF proteins in S/G2/M phases through 35 inhibiting G1 transcriptional corepressors (Whi5 and Stb1) and APC Cdh1 , thereby promoting the 36 initiation and propagation of the pulse by the TF network. These findings suggest a unique 37
). However, in the cdk1 whi5Δ stb1Δ mutant, these TFs only slowly accumulated and 180 did not reach wild-type levels (Figures 2A and 2B ), even though their transcript levels were 181 comparable to wild-type levels ( Figure 2B ). 
197
To investigate whether constitutively active APC Cdh1 in the cdk1 whi5Δ stb1Δ mutant 198 prevents the accumulation of S/G2/M TFs, we wanted to introduce a cdh1Δ mutation into the 199 cdk1 whi5Δ stb1Δ background. However, the cdh1Δ whi5Δ double mutations are synthetically 
262
The inhibition of Whi5/Stb1/APC in the cdc28-4 mutant cells restores phase-specific 263 transcription at high amplitude
264
We next wanted to determine the extent to which the cell-cycle transcriptional program 265 was restored by the simultaneous inhibition of Whi5/Stb1/APC in the cdc28-4 background. First,
266
we asked whether the transcript levels driven by the TF network were comparable between the 267 cdk1 apc whi5Δ stb1Δ mutant and wild-type cells. As shown in Figure 4A , the cdk1 apc whi5Δ 268 stb1Δ mutant cells were able to activate G1/S transcription (SBF/MBF targets) and G2/M 269 transcription (SFF targets) at levels similar to wild-type cycling cells at 37°C, while partial both wild type and the cdk1 apc whi5Δ stb1Δ mutant cells with similar peak-to-trough ratios 291 ( Figure 4B ). Strikingly, the phase-specific transcription of CDK regulators, including that of the 292 S-phase cyclins CLB5/6, the mitotic cyclin CLB2, the APC coactivator CDC20, and the B-cyclin-
293
CDK inhibitor SIC1, was also conserved in the cdk1 apc whi5Δ stb1Δ mutant ( Figure 4C ).
294
These findings support the idea that the TF network in concert with Cln-CDKs contributes to 
369
To confirm that the G1/S transcriptional pulse in the GAL-SIC1Δ3P cells is generated by 370 negative feedback loops from transcriptional repressors in the TF network rather than residual 371 Clb2 activity ( Figure 3A) , we further deleted NRM1, YHP1, and YOX1 and assayed transcript 372 dynamics. In the GAL-SIC1Δ3P cells, a majority of Mcm1 targets and SBF/MBF targets were 373 robustly attenuated ( Figures 5C and S5 ). In the GAL-SIC1Δ3P nrm1Δ yhp1Δ yox1Δ cells, all critical role of these transcriptional negative feedback loops in generating transcriptional pulses 377 in a variety of conditions, including the clb1-6Δ and the cdk1 apc whi5Δ stb1Δ mutant cells.
378
Similarly to the above results in the cdk1 apc whi5Δ stb1Δ mutant ( Figure 3B ), we did not 379 observe a robust second pulse for SBF/MBF targets in the GAL-SIC1Δ3P cells ( Figure 5C Figure 6A ). This idea is similar to the "G1 attractor" in a previously proposed model 
442
In wild-type cells, these inhibitions are likely maintained until increasing cell size dilutes 443 Whi5, which results in the initial expression of CLN1/2 in a "feedback-first" mechanism (Eser et This study
